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(54) Optical swHch 

(57) An optical switch having two spherical or ellipti- 
cal corner-reflecting surfaces (5c) provided in a light- 
conducting member (5, 10), a shutter (8) to open and 
close a light path between the comer-reflecting surfaces, 
and focusing lenses (5b) to focus the incident beam from 
an emitting optical fiber (3) and to focus the emitting 
beam from the light-conducting member to a primary 
receiving optical fber (4). Because almost alt the beam 
transmitted through the light-conducting member is 
focused at one point (A) in an air gap (5d) in which the 
shutter moves, the optical switch can transmit the beam 
with high effidency without leakage to the outside, and 
a small stroke of the shutter is sufficient to completely 
transmit or stop the beam. In another similar optical 
switch having a reflecting surface (11 a) at the tip of the 
shutter (8) for inclining the beam, as well as having a sec- 
ondary receiving optical fiber (12) aligned with the path 
of the Inclined beam, the beam is switched to be trans- 
mitted to the primary receiving optical fiber (4) or to the 
secondary receiving optical fiber (12) according to the 
position of the shutter Thus, the ON/OFF state of the 
optical switch can be indicated, or a transfer-type optical 
switch can be obtained by using the secondary receiving 
optical fiber as well as the primary receiving optical fiber 
as switching circuits. 
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Description 

The present invention relates to an optical switch 
connected between a light-emitting optical fiber and a 
light-receiving optical fiber so as to mechanically turn on s 
and off, according to the operation of an actuator, a light- 
transmission path formed between the optical fibers. 

Optical switches of the type described above are 
already known. For example, the Japanese Utility Model 
Application Laying-open No. 60 - 42222 discloses an 10 
optical switch of this type. The optical switch described 
in the publication comprises a prism (a light-conducting 
memt)er) and a shutter, which are assembled in a hous- 
ing (a switch casing) of the optical switch. The prism 
forms a U-shaped light-transmission path between the is 
light-emitting optical fiber and the light-receiving optical 
fiber. These optical fibers are connected to the optical 
switch in such a manner that their end faces are aligned. 
The shutter moves in an air gap midway of the light-trans- 
mission path in the prism so as to open and close the 20 
light-transmission path according to the operation of an 
actuator. 

The light-conducting prism in the optical switch is 
provided for guiding the beam entering into the prism 
from the light-emitting optical fiber toward the end face 2S 
of the light-receiving optical fiber through the U-shaped 
light-transmitting path. The prism is provided with an inci- 
dent area facing the end face of the emitting optical fiber, 
an emitting area facing the end face of the receiving opti- 
cal fiber, and two corner-reflecting surfaces. In the mid- 30 
die of these corner reflecting surfaces, the air gap is 
provided in which the shutter moves up arKl down. 

When the shutter is moved up and is located outside 
the air gap. the transmission path in the light-conducting 
prism is opened, and hence, the beam entered into the 35 
optical switch from the emitting optical fiber is transmitted 
to the receiving optical fiber via the light-conducting 
prism, thus turning the optical switch to the ON state. In 
contrast, when the shutter Is pushed down into the air 
gap by operating the actuator, the transmission path in 40 
the prism is cut off, and the optical switch is turned to the 
OFF state. The light signal thus transmitted to the receiv- 
ing optical fiber is transformed into an electric signal by 
means of a detector including a photodetector and is out- 
putted as an on/off type electric signal. 45 

The beam emitted from the end of an optical fiber 
disperses at an angle of about 60 degrees with regard 
to the axis of the optical fiber. Hence, the optical switch 
described in the Japanese Utility Model Application Lay- 
ing-open No. 60 - 42222 mentioned above has two so 
spherical corner-reflecting surfaces at either the emitting 
side and the receiving side of the light-conducting prism 
incorporated in the optical switch, in this optical switch, 
the beam entering into the prism from the emitting optical 
fiber is reflected on the spherical corner-reflecting sur- ss 
face, and is collimated by the surface to some extent. 
The collimated beam enters the air gap in which the shut- 
ter moves up and down, and is transmitted to the oppo- 
site corner-reflecting surface; or the beam may be cut off 



by means of the shutter. The collimated beam transmit- 
ted to the opposite corner-reflecting surface is reflected 
thereon and is transmitted to the receiving optical fiber. 

A technique to suppress the dispersion of the beam 
emitted from the optical f iber, so that the beam from the 
enrutting optical fiber can be transmitted to the receiving 
optical fiber at a low optical power loss, is disclosed in 
the optical transmitting apparatus described in tiie Jap- 
anese Utility Model Application Publication No. 62 - 
35237. This apparatus incorporates two corner-reflect- 
ing prisms and two focusing lenses: each prism has a 
planar corner-reflecting surfaces which is inclined at an 
angle of 45 degrees to the horizontal; and the two focus- 
ing lenses face the end faces of the emitting and the 
receiving optical fibers, respectively 

Otiier optical switches of this type are disclosed, for 
example, in tiie Japanese Patent Application Laying- 
open No. 58 - 89727, and in the Japanese Utility Model 
Application Laying-open No. 60 - 12217. These switches 
incorporate a secondary receiving optical fiber in the 
optical switch in addition to the emitting and receiving 
optical fibers mentioned above. The optical signal 
received by the secondary receiving optical fiber can be 
used to indicate the switching state (ON/OFF) of the opti- 
cal switch. The Japanese Patent Application Laying- 
open No. 58 - 89727 also discloses a technique to 
achieve an optical transfer switching function by using 
the secondary receiving optical fiber. 

The optical switches above, having the light-con- 
ducting prism including spherical corner-reflecting sur- 
faces (the Japanese Utility Model A p plication La ying- 
open Na 60 - 42222), or having the light-conducting 
prism including planar corner-reflecting surfaces in con- 
junction with tiie two focusing lenses (the Japanese Util- 
ity Model Application Publication No. 62 - 35237), can 
increase tiie optical transmission efficiency above that of 
an optical switch having a simple prism including only 
planar corner-reflecting surfaces, thereby improving tine 
etching function of the optical switch to a certain extent. 
The optical switches, however, present tiie following 
problem: 

In the conventional optical switch above, although 
the beam transmitted across tiie air gap in the prism in 
which tiie shutter moves is converged to a certain extent, 
the beam is dispersed widely in tiie air gap. As a result, 
a large stroke of tiie shutter is required in order to com- 
pletely cut off or transmit the t>eam aaoss the air gap by 
moving ttie shutter up and down. To deal with tiie prob- 
lem, the optical switch described in the Japanese Utility 
Model Application Laying-open No. 60 - 42222 is pro- 
vided witii a slit inserted into the input side of the air gap 
of the prism in which the shutter moves up and down. 
This slit "converges** the beam to a narrow path along 
the optical axis. This makes it possible to shorten tiie 
stroke of the shutter required to completely cut off or 
transmit the beam. However, since the slit cuts off the 
greater part of ttie beam emitted from the emitting optical 
fiber, the transmission efficiency between tiie emitting 
and tiie receiving optical fiber is greatly decreased. As a 
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result, stable switching functions become difficult, partic- 
ularly in an optical circuit using a long optical fiber. Fur- 
thermore, when the slit Is inserted, the symmetrical 
construction of the optical switch with regard to emitting 
and receiving sides thereof cannot be maintained. Thus. 5 
polarization of the optical switch results from the mount- 
ing position of the slit, which makes the connecting oper- 
ation of optical fibers to the switch inconvenient under 
working conditions. 

Another technique is disclosed in the Japanese Util- 10 
ity Model Application Laying-open No. 61 - 721, This 
technique, instead of using a slit for regulating the beam 
transmitted aaoss ttie air gap in the prism, uses a shutter 
having a snap-acting mechanism so that a large moving 
stroke of the shutter can be obtained by a small operating is 
motion of an actuator. However, tiie construction incor- 
porating the snap-acting mechanism in the optical switch 
complicates tiie inner structure of the optical switch, and 
increases the cost of the optical switch. Moreover, the 
friction resulting from the sliding of the actuator and the 20 
snap-acting mechanism past each other during the 
switching operation produces dust which will contami- 
nate the optical components such as the light-conducting 
member. This will again contribute to the optical power 
loss To solve this problem, antidust measures are 2s 
required. 

As mentioned above, other optical switches, having 
a secondary receiving optical f iber in addition to the emit- 
ting and receiving optical fibers, are disclosed in tiie Jap- 
anese Patent Application Laying-open No. 58 - 89727. 30 

and in the Japanese Utifity Model Application L^ing^ 

open No. 60 - 1 221 7. These switches have switch- oper- 
ation-Indicating functions, or work as optical transfer 
switches similar to a conventional contact-type micros- 
witch provided with a normally-on contact and a nor- 35 
mally-off contact. 

However, the optical switch described in tiie Japa- 
nese Patent Application Laying-open No. 58 - 89727 has 
a low optical transmission efficiency because this optical 
switch transmits the beam between the emitting optical 40 
fiber and the receiving optical fiber by facing tiie end 
faces of these fibers directiy (or via a reflector), without 
using a light-conducting member between the fibers. In 
addition, the alignment of the fibers during the assembly 
of the optical switch Is difficult Furthemix)re, the optical 4s 
fibers may be damaged during assembly because the 
tips of tiie f ibers must t>e bent at a particular angle, and 
hence, undue force may be exerted on the f bers. 

On the other hand, the optical switch disclosed in 
the Japanese Utility Model Application Laying-open No. so 
60 - 12217 has three independent cylindrical prisms 
each of whteh has an oblique reflecting surfece at the 
top. One of the prisms is connected to an emitting optical 
fiber, and tiie other two prisms are connected to two 
receiving optical fibers, respectively. The two receiving ss 
prisms obliquely face the emitting prism so as to receive 
the light from the emitting optical fiber, and transmit the 
light to each receiving optical fiber. In such a configura- 
tion, not only the decrease of the optical transmission 



efficiency between the fibers cannot be avoided, but also 
the position adjustment of tiie prisms during the assem- 
bly is difficult. 

It Is therefore a primary object of tiie invention to pro- 
vide an optical switch which ran transmit the beam emit- 
ted from tiie emitting optical fiber to tiie receiving optical 
fiber witii high optical transmission efficiency by reducing 
tiie dispersion and leakage of the beam. 

It is a second object of tiie invention to provide an 
optical switch tiiat can shorten the stroke of tiie shutter 
during switching by focusing the beam at one point in the 
air gap in which the shutter moves up and down. 

It is a third object of the invention to provide an opti- 
cal switch that has a switch-operation-indicating function 
or an optical transfer-switching function in conjunction 
with tiie functions of tiie above objects. 

To accomplish the objects above, the present inven- 
tion comprises lensing means provided on tiie entering 
area and the emitting area of tiie light-conducting means 
in such a manner that tiie lensing means face the end 
face of the emitting optical fiber and tiie end face of tiie 
receiving optical fiber, respectively. This makes it possi- 
ble to improve the transmission efficiency of tiie beam 
emitted from the emitting optical fiber and transmitted to 
tiie receiving optical fiber. In addition, the lens system 
consisting of the light-conducting member is designed 
so that the beam is focused at one point in the air gap in 
which the shutter moves. This makes it possible for the 
shutter to move the slightest distance to turn on and off 
tiie beam, thereby simplifying the switching mechanism 
by omitting.the.complicated snap^acting mechanism for. 
anplifying tiie stroke of the shutter. 

Furthermore, corner-reflecting surfaces of a light- 
conducting member are made spherical or elliptical, in 
addition to the above configuration that focusing lenses 
are formed at the incident area and tiie emitting area of 
the light-conducting member in such a way Uiat the 
focusing lenses face end faces of an emitting optical fiber 
and a receiving optical fiber, respectively. 

With regard to the light-conducting member having 
elliptical corner-reflecting surfaces, it is effective to adjust 
tiie first focal points of tiie elliptical corner surfaces to the 
fbcusi ng point of the beam in an air gap In which a shutter 
moves in order to focus the beam emitted from tiie emit- 
ting optical fiber at the focusing point. Moreover, adjust- 
ing the second focal points of the elliptical corner 
surfaces to the end feces of the emitting optical fiber and 
the receiving optical fber, respectively, makes it possible 
to omit the focusing lenses. Furthermore, a concave 
reflecting mirror can be used as the light-conductive 
member instead of tiie prism. 

In addition, it is preferable that the light-conducting 
prism be provided with spherical surfaces separating the 
light-conducting prism and the air gap in which tiie shut- 
ter moves, in such a way that the center of the spherical 
surfaces is positioned at the light-focusing point in the air 
gap. This makes it possible for the beam to be focused 
at tiie focusing point in the air gap wittiout being 
adversely affected by the refraction of tiie prism. 
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Furthermore, it is preferable that surface areas of the 
light-conducting prism excluding light-transmitting sur- 
face areas and light-reflecting surface areas along a 
light'transmitting path between the emitting optical iher 
and the receiving optical fiber be low-reflectance sur- 
faces. This makes it possible to prevent degradation of 
the switching function resulting from stray light in the opti- 
cal system of the optical switch. 

To maintain the correct connecting positions of the 
emitting and receiving optical fibers, and thereby main- 
tain a high optical-transmission efficiency, tapered inser- 
tion holes, having a polygonal cross section at the inner 
part thereof, can be used to firmly hold the optical fibers. 
In addition, in order to prevent a displacement or discon- 
nection of the optical f bers during use. it is preferable to 
use a terminal base with a quick-connect type holder 
engaged to the terminal base. 

A push-button type actuator, directiy connected to 
the shutter, can be used in conjunction with a coil spring 
for returning the actuator to the normal position: the actu- 
ator and the coil spring are incorporated in a housing, 
and the shutter can be moved without mechanical sliding 
or friction. This arrangement makes it possible to greatiy 
decrease the amount of dust which would be produced 
by sliding and friction during the operation of a conven- 
tional actuator. This arrangement also simplifies the con- 
struction of the switch-operating mechanism. 

To achieve the third object of the present invention, 
the optical switch has a reflecting means as well as a 
secondary receiving optical fiber: the reflecting means is 
provided at the tip of the shutter means for reflect! ngjhe 
beam emitted from the emitting optical fiber so as to 
Incline the beam by approximately 90 degrees In the air 
gap of the light-conducting means; and the secondary 
receiving optical fiber which Is provided in additton to the 
otiier receiving optical fber is aligned with the traveling 
path of the inclined beam so as to receive it 

To achieve an optical switch having a high optical 
transmission efficiency and a wide dynamic range, or to 
maintain a firm connection of the optical fiber, or to pre- 
vent the production of dust during switching, the following 
techniques mentioned above can also be used: providing 
corner-reflecting surfaces of the light-conducting mem- 
bers which are spherical or elliptical; providing the light- 
conducting prism with focusing lenses opposite the end 
faces of optical fibers including tiie secondary receiving 
optical fiber; providing the light-conducting prism with 
spherical surfaces separating the light-conducting prism 
and the air gap in which the shutter nx)ves. in such a way 
that the center of the spherical surfaces is positioned at 
the light-focusing point in the air gap; making surface 
areas of the light-conducting prism low-refiectance sur- 
faces, excluding light transmitting surface areas and 
light-reflecting surface areas along the light-transmis- 
sion path between the emitting optical fiber and the 
receiving optical fiber; providing the light-conducting 
prism with tapered insertion holes having a polygonal 
cross section at the inner part tiiereof; using a terminal 
base with a quick-connect type holder engaged to the 
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terminal base; or using a push-button type actuator 
directiy connected to the shutter witii a coil spring for 
returning the actuator to the normal position, the actuator 
and tiie coil spring incorporated in a housing. 

Moreover, to present a bidirectional optical switch of 
tills type, a reflecting means, having two reflecting sur- 
feces symmetrically formed on either side of the tip of 
tiie shutter, is provided at tiie tip of tiie shutter. 

Furthermore, to guide the beam inclined at the 
reflecting surface at the tip of tiie shutter to the secondary 
receiving optical fiber with a low power loss, the reflecting 
surface at the tip of the shutter should be a planar surface 
when the corner-reflecting surfaces of tiie light-conduct- 
ing member are spherical; whereas the reflecting surface 
at tiie tip of the shutter should be parabolic, when tiie 
corner-reflecting surfaces of the light-conducting mem- 
ber are elliptical. 

Rnally, to maintain the optical power entering tiie 
secondary receiving optical fiber at a constant level, it is 
preferable ttiat the reflecting surface provided at the tip 
of the shutter have a terraced surface. 

The optical switch thus constructed can transmit a 
beam with high effidency: the beam entering into ttie 
optical switch from the emitting optical fiber is transmitted 
to the receiving optical fiber through tiie light-conducting 
member consisting of the prism or the concave reflecting 
mirror, wittiout leakage to the outside of tiie optical sys- 
tem. In addition, since almost all the beam transnrntted 
through the light-conducting member is focused at one 
point in the air gap in which the shutter moves, only a 
small stroke of tiie shutter is sufficien t to complete ly 
transmit or stop tiie beam, thus switching the beam on 
and off at a high efficiency. Furthermore, since the light- 
conducting member has an optically symmetrical config- 
uration with regard to ttie entering and emitting sides of 
the beam, a bidirectional optical switch can be obtained 
which has no polarity, and hence, can be used witiiout 
regard to polarity. 

In tiie optical switch having a reflecting surface at 
the tip of the shutter fbr Inclining tiie beam, as well as 
having a secondary receiving optical fiber aligned witii 
the patii of tiie inclined beam, the beam is switched to 
be transmitted to the primary receiving optical fiber or to 
the secondary receiving optical fiber according to the 
position of ttie shutter: on tiie one hand, the beam emit- 
ted from the emitting optical fiber passes across the air 
gap of the light-conducting member, and is transmitted 
to ttie primary receiving optical fiber; on ttie ottier hand, 
the beam emitted from the emitting optical fiber is 
reflected on the reflecting surface of ttie shutter so as to 
be inclined, thus entering the secondary receiving optical 
fiber. As a result, ttie ON/OFF state of ttie optical switch 
can be indicated by gukiing the beam transmitted 
ttirough ttie secondary receiving optical fiber to an indi- 
cator as a monitor signal. OthenMse, a transfer-type opti- 
cal switch can be achieved similar to a conventional 
contact-type switch having a normaily-on contact and a 
normally-off contact, by using tiie secondary receiving 
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optical fiber as well as the primary receiving optical f ber 
as switching circuits. 

This type of optica! switch can be made bidirectional 
by providing two symmetric reflecting surfaces at the tip 
of the shutter. The focusing lens opposite the secondary 
receiving optical fiber functions so as to focus the 
Inclined beam by the reflecting surface of the shutter onto 
the end face of the secondary receiving optical fiber. 
Thus, the beam can be transmitted to the secondary 
receiving optical fiber with high transmission effidency 
This is particularly true when the corner-reflecting sur- 
faces are spherical and the reflecting surfaces at the tip 
of the shutter are planar, or when the corner-reflecting 
surfaces are elliptical and the reflecting surfcices at the 
tip of the shutter are parabolic. 

The ten^aced reflecting surface at the tip of the. shut- 
ter guides the reflected and inclined beam to the second- 
ary receiving optical fiber with little loss of power even if 
the stroke position of the shutter is displaced by a small 
anfK>unt. 

The tapered optical-fiber Insertion holes provided in 
the light-conducting prism and having a polygonal cross 
section at the inner part thereof make it possible for the 
optical f bers to be firmly connected at the correct posi- 
tions of the light-conducting prism while compensating 
for errors of the diameter of the optical fibers within the 
tolerance. The holder, combined with the terminal base 
of the housing, fastens the optical fibers in place by 
quick-operation, and prevents the displacement or dis- 
connection of the optical fibers while in use. The operat- 
ing mechanism, having the push-button-type actuator 
urged by the returning coil spring, and having the shutter 
directly connected to the actuator, has no mechanical 
sliding portion, and 'hence, no dust will be produced dur- 
ing switch operation. 

The surfaces separating the surface areas of the 
light-conducting prism and the air gap in which the shut- 
ter moves are a spherical surface whose center is 
located at the focusing point in the air gap. This makes 
It possible for the beam, which is transmitted from the 
surface area of the prism into the air gap so as to be 
focused at the focusing point, to be normally incident to 
the surface area of the prism. As a result, the entirety of 
the beam is focused at the focusing point without being 
adversely affected by the refraction of the prism. 

Rnally. the surface areas other than those along the 
correct optica! transmission path are frosted, or coated 
with a reflection-reducing film, so as to be of a low-reflect- 
ance. This makes it possible for stray light, which repeat- 
edly reflects between the shutter at the blocking position 
and the surfaces of the light-conducting prism during the 
travel to the receiving optical fiber, to be absorbed and 
attenuated by means of the low-reflectance surfaces 
while traveling. Hence, misoperation of the optical switch 
caused by stay light can be avoided. 

Rg. 1 is a aoss-sectiona! view showing the inner 
structure of tiie optica! switch of an embodiment of 
the present invention; 
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Rg. 2 is a cross-sectional view showing the light- 
transmission path in a light-conducting prism having 
spherical corner-reflecting surfaces; 
Rg. 3 is a side view of the light-conducting prism 
5 shown in Rg. 2; 

Rg. 4 is a cross-sectional view showing the light- 
transmission path in a light-conducting prism having 
elliptical corner-reflecting surfaces; 
Rg. 5 is a cross-sectional view showing the light- 
to transmission path i n a concave-mirror type light-con- 
ducting member having elliptical corner-reflecting 
surfaces; 

Rg. 6 is a diagrammatic view showing the light- 
transmission path In a light-conducting prism having 
IS elliptical comer-reflecting surfaces and fbcusing 

lenses: 

Rg. 7 is a cross-sectional view showing the connect- 
ing construction between the light-conducting prism 
and the optical fibers shown in Rg. 1 ; 
20 Rg. 8 is a longitudinal sectional view showing the 
shape of an insertion hole for the optical fiber; 
Rg. 9 is a transverse sectional view taken along the 
line X-Xof Rg. 8; 

Rg. 10 is a transverse sectional view taken along 

25 tiie line Y-Y of Rg. 8; 

Rg. 11 is an exploded perspective view showing the 
construction of the terminal base in Rg. 1 ; 
Rg. 12 is a cross-sectbnal view of the assembled 
terminal base corresponding to the terminal base In 

30 Rg. 11; 

09'. 1 3 is a cro ss-s ectional view showi ng an 
improved light-conducting prism corresponding to 
the prism of the embodiment in Rg. 2; 
Rg. 14 is a plan view of the improved light-conduct- 

35 ing prism in Rg. 13; 

Rg. 15 is a cross-sectional view showing an 
improved light-conducting prism con-esponding to 
the prism of the embodiment in Rg. 4; 
Rg. 16 is a plan view of tiie improved light-conduct- 

40 ing prism in Rg. 15; 

Rg. 17 is a cross-sectional view showing an 
improved light-conducting prism con'esponding to 
the prism in Rg. 1 ; 

Rg. 18 is a cross-sectional view showing tiie inner 
45 structure of ttie optical switch of another embodi- 
ment of the present invention; 
Rg. 1 9 and Rg. 20 are cross-sectional views show- 
ing the switching operation of the optical switch in 
Rg. 18; 

50 Rg. 21 and Rg. 22 are cross-sectional views show- 
ing the switching operation of a nKxjified optical 
switch corresponding to the optical switch in Rg. 1 8; 
Rg. 23, Rg. 24, Rg. 25, Rg. 26, Fig. 27. and Rg, 28 
are cross-sectional views, each of which shows a 

55 light-transmission path of a different emtxxiiment 
corresponding to tiie optical switch shown in Rg. 1 8; 
Rg. 29 is a perspective view showing an improved 
reflecting body of tiie shutter corresponding to tiie 
reflecting body in Rg. 18; 
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Fig. 30, Fig. 31 and Fig. 32 areaoss-sectional views 
showing the relationship between the stroke position 
of the reflecting body and the amount of light enter- 
ing into the secondary receiving optical fit>er; 
Rg. 33 is a cross-sectiona) view showing unim- 5 
proved insertion holes of optical fibers of an embod- 
iment corresponding to the improved insertion holes 
of the embodiment shown in Fig. 7; 
Fig. 34 is a cross-sectional view showing unim- 
proved construction of the light-conducting prism of io 
an embodiment corresponding to the improved 
prism of the embodment shown In Rg. 13 and Rg. 
15; 

Rg. 35 is a plan view of the optical switch in Fig. 34; 
and 15 
Rg. 36, Fig. 37, and Fig. 38 are cross-sectional 
views showing the relationship between the stroke 
position of tiie reflecting body and the amount of tight 
entering into the secondary receiving optical fiber, 
each of which con'esponds to Rg. 30, Fig. 31 , and 20 
Rg. 32, respectively. 

The invention will now be described with reference 
to the accompanying drawings. 

Rg. 1 shows a basic structure of an embodiment of 25 
the present Invention. In Rg. 1, numeral 1 designates a 
housing or switch-case. To the housing 1 is attached a 
terminal base 2 to which an emitting optical fiber 3 and 
a receiving optical fber 4 are connected In such a man- 
ner that respective end faces of emitting optical fiber 3 3o 
^nd recQving (jptical fiber 4 ayrejnaljgnment. In tfie hqus^ 
ing 1 , the following components that constitute the opti- 
cal switch are provided: a tight-conducting prism 5 tiiat 
fbrms an optical transmission path for guiding a beam 
from the emitting optical fiber 3 to the receiving optical 35 
fiber 4; a push-button type actuator 6 whose one end pro- 
trudes outward from an upper lid of tine housing 1; coil 
spring 7 for returning tiie actuator 6 to the normal posi- 
tion; and a shutter 8 directly attached to the actuator 6. 

The light-conducting prism 5, for example, is made 40 
of a molded transparent resin, and is provided with the 
following parts: at tiie bottom tiiereof , optical-fiber-inser- 
tion holes 5a for inserting tiie optical fibers 3 and 4 are 
provided; at the innermost ends of the optical-fiber-inser- 
tion holes 5a, convex focusing lenses 5b are provided so 45 
as to face the end faces of the optical fibers 3 and 4, 
respectively, apart by narrow gaps; at tiie upper corners 
of tiie light-conducting prism 5, corner-reflecting sur- 
faces 5c of spherical or elliptical surface are provided 
(this will be described later] ; and at the center of tiie top 50 
of the light-corxjucting prism 5, an air gap 5d is formed 
so tiiat the shutter 8 can be moved therealong. Thus, a 
U-shaped optical-transmission patti is formed between 
the emitting optical fiber 3 and receiving optical fiber 4. 

The optical switch tiius constructed operates as fol- ss 
lows: Fig. 1 shows an ON state of the optical switch: the 
shutter 8 is in the normal position in which the shutter 8 
is placed above tiie air gap 5d of the light-conducting 
prism 5. A beam 9 or an optical signal emitted from the 



657 A2 




emitting optical fiber 3 passes tiirough the focusing lens 
5b. and enters the light-conducting prism 5. Then, the 
beam 9 is reflected at tiie left corner-reflecting surface 
5c. passes across tiie air gap 5d at tiie center, is reflected 
at the right corner-reflecting surface 5c, and reaches the 
end of receiving optical fiber 4. Incidentally, tiie actuator 
6 is pushed up by means of the coil spring 7 in this case. 

On the otiier hand, when the actuator 6 is pushed 
down against the coil spring 7, the shutter 8 directly con- 
nected to tiie actuator 6 is inserted into ttie air gap 5d of 
the light-conducting prism 5 as shown by the alternate- 
long-and-short-dashed line in Fig. 1. so that tiie shutter 

8 cuts off tiie beam 9 transmitted across tiie air gap 5d. 
TTius. tiie optical signal does not reach the receiving opti- 
cal fiber 4. and hence the optical switch is changed into 
the OFF state. 

Although the optical switch above is a normally-on 
switch, a normally-off switch can also be constructed. For 
example, an opening for passing beam 9 is provided at 
tiie middle of tiie shutter 8. and the shutter 8 is positioned 
so that it cuts off the beam 9 in the normal position. When 
tiie actuator 6 is pushed down, the shutter 8 moves down 
and transmits the beam 9 through the opening. 

The transmission path of tiie beam 9 in ttie light-con- 
ducting prism 5, which is a major element of the optical 
switch will now be described. 

Rg. 2 and Rg. 3 show the transmission path in the 
light-conducting prism 5. The light-conducting prism 5 
has spherical corner-reflecting surfaces 5c. The beam 9 
emitted from the end of emitting optical fiber 3 at a dis- 
persion angle of abo ut 60 degrees is converged through 
ttie focusing lens 5b formed at the entering area on tiie 
light-conducting prism 5 so as to compensate tiie disper- 
sion. Then, tiie beam 9 is reflected at the central area of 
ttie left corner-reflecting surface 5c. and is focused at ttie 
poirit A at tiie center of the air gap 5d. Almost all tii e beam 

9 can be focused at tiie point A in tiie air gap 5d under 
following conditions: first, the light-conducting prism 5, 
including tiie focusing lenses 5b and spherical corner- 
reflecting surfaces 5c, is considered as a one-lens sys- 
tem as a whole; second, the light-conducting prism 5 is 
designed so that the following equation is satisfied: 

1/a+1/b = 1/f 

where: a = object distance (a > 0); 

b = image distance (b > 0); and 
f » focal length of tiie lens systera 

Each end face of the emitting optical fiber 3 and 4 is sep- 
arated from each focusing lens 5b so that a gap is formed 
therebetween. As a result, in the case where the optical 
f ibers are connected to ttie optical switch, the end faces 
of ttie optical fibers are separated from the surface of the 
prism made of resin, and hence, damage of the prism 
caused by friction between the prism and optical fibers 
can be avoided. 

As described above, tiie beam 9 sent into tiie optical 
switch from tiie emitting optical fiber 3 is focused at the 
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point A in the air gap 5d in which the shutter 8 nxives. 
Hence* a slight movement of the shutter 8 is sufficient to 
turn the optical switch on and off: the beam 9 is com- 
pletely transmitted when the shutter 8 is in the normal 
position, and is completely cut off when the shutter 8 is 5 
pushed down slightly. This makes it possible for the 
switching mechanism shown in Fig. 1 to perfectly control 
the beam 9. In other words, this makes it unnecessary 
to use a compltoated snap-acting mechanism for ampli- 
fying the movement of the actuator 6 so as to reciprocate 10 
the shutter 8 at a large stroke, and hence the shutter 8 
can be attached directly to the push-button type actuator 
6. Thus, an optical switch of a simple and compact struc- 
ture can be constructed. In addition, the construction 
shown in Rg. 1 has no mechanical portion causing fric- is 
tion because the actuator 6 is supported by means of the 
coil spring 7 in the housing 1 . As a result, the movement 
of the actuator 6 does not produce dust which causes 
the contamination of the optical components in the opti- 
cal switch, tiius maintaining a good operation. 20 

Furttiermore. since tiie light-conducting prism 5, act- 
ing as a light-conducting member, has an optically sym- 
metric structure with respect to the input and output of 
the beam 9, the same switching operation can be 
achieved even if the connecting positions of emitting opti- 25 
cal f ber 3 and receiving optical fiber 4 are exchanged. 
Consequentiy. tiie optical switch functions as a bidirec- 
tional switch. This makes it unnecessary to specify the 
polarity of the switch, and facilitates the fiber-connecting 
operation. 30 

In tiie above description, the corner-reflecting sur- 
faces 5c for focusing tiie beam 9 onto the point A in the 
air gap 5d provided at the center of light-conducting 
prism 5 (which is a light-conducting member) have a 
spherical surface. However, the corner-reflecting sur- 35 
faces 5c can have an elliptical surface. 

Fig. 4. Fig. 5, and Fig. 6 show embodiments having 
corner-reflecting surfaces 5c of an elliptical surface. In 
Fig. 4. the light-conducting member is made of light-con- 
ducting prism 5. and the left and right corner-reflecting 40 
surfaces 5c, I.e., the input side and output skJe corner- 
reflecting surfaces 5c are of an elliptical surface. Each 
corner-reflecting Surface 5c is made so that tiie two focal 
points F1 and F2 are positioned as follows: first, the focal 
point F1 is adjusted so that it agrees witfi tiie center of 45 
the air gap 5d provided at the center of the light-conduct- 
ing prism 5 (tills point corresponds to the focusing point 
A in Rg. 2); second, the focal point F2 Is adjusted so tiiat 
it agrees witti the center of the end face of emitting optical 
fiber 3 or receiving optical fiber 4. so 

According to the configuration above, tiie beam 9, 
emitted from the end of emitting optical fber 3 corre- 
sponding to the focal point F2. is reflected at the corner- 
reflecting surface 5c, and is focused at the focal point F1 
in the air gap 5d. After that, the beam 9 is reflected at the 55 
right corner-reflecting surface 5c, and is focused onto the 
focal point F2 which corresponds to the end of receiving 
optical fiber 4. Thus, the entire beam 9 emitted from the 
emitting optical fiber 3 Is transmitted to the receiving opti- 
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cal fiber 4 witiiout leakage to tiie outside. In addition, 
since the beam 9 is focused at the focal point F1 , which 
corresponds to the center of the air gap 5d in which the 
shutter 8 moves, a slight movement of the shutter 8 is 
sufficient to switch the beam 9 on and off. 

Rg. 5 shows another embodiment which uses a con- 
cave reflector 10 instead of tiie light-conducting prism 5 
described above. The concave reflector 10 has a reflec- 
tive inner surfece, and comprises the following members: 
at the bottom left of the concave reflector 10, an insertion 
hole for inserting emitting optical fiber 3 is formed; at the 
bottom right of the concave reflector 1 0, an insertion hole 
for inserting receiving optical fiber 4 is formed: at tiie left 
and right corners of tiie inner surface of the concave 
reflector 10, elliptical corner-r^lecting surfaces 10c are 
formed; and at the center of tiie top of concave reflector 
1 0 is formed an air gap lOd in which the shutter 8 moves 
up and down. The focal points F1 and F2 of elliptical sur- 
faces of corner-reflecting surfaces 10c are positioned in 
similar locations to tiiose of corner-reflecting surfaces 5c 
of the embodiment shown in Rg. 4. 

Rg. 6 shows a variation of tiie embodiment shown 
in Fig. 4. In this variation, the light-conducting prism 5 
has two focusing lenses 5b: one is formed opposite the 
light-emitting end of emitting optical fiber 3; and the other 
is formed opposite the light-accepting end of receiving 
optical fiber 4. Each focal point of ttie focusing lenses 5b 
is designed so as to agree with the second focal point 
F2 of elliptical corner-reflecting surfaces 5c, as shown in 
Rg. 6. As a result, the beam 9 emitted from ttie end of 
tiie emitting optical fi ber 3 is foc used at tiie focal point 
F2 of the elliptical surface through the focusing lens 5b, 
is reflected at tiie comer-reflecting surfece 5c, and is 
focused at the focal point F1 in tiie air gap 5d. 

The detailed structure of the optical-fiber-insertion 
holes 5a of light-conducting prism 5 shown In Rg. 1 will 
now be described witti reference to Rg. 7 to Fig. 10 and 
Rg. 33. 

Rg. 33 shows a construction of an embodiment of 
the present invention. As shown In Rg. 33. ttie optical 
fbers are connected to the optical switch by means of 
the optical-fiber-insertion holes 5a provided on the left 
and right side of the bottom surface of tiie light-conduct- 
ing prism 5: tiie emitting optical fiber 3 and receiving opti- 
cal fiber 4 are inserted, positioned, and fixed into the 
optical-fiber-insertion holes 5a, respectively. In Rg. 33. 
the difference between the inner diameter D of the opti- 
cal-fiber-insertion holes 5a and ttie outer diameter d of 
tiie emitting and receiving optical fibers is exaggerated 
to better show the prot^lem in the embodiment. 

In tills construction, the opticai-fber-insertion hole 
5a provided in the light-conducting prism 5 is a cylindrical 
hole whose inner diameter D is specified to match the 
outer diameter d of the optical fbers 3 and 4. The outer 
diameter d of tiie optical fibers varies somewhat wittiin a 
tolerance, and hence the inner diameter D of the optical- 
f ber-insertion hole 5a must be specified to the maximum 
diameter allowed by the tolerance so that ttie optical fiber 
can be inserted Into ttie optical-fiber-insertion holes 5a. 
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Specifying the inner diameter D of the optical-fiber- 
insert ion hole 5a as being equal to the maximum diam- 
eter allowed by the tolerance, however, presents the fol- 
lowing problems: if the outer diameter d of the optical 
fiber is equal to the maximum diameter allowed by the 5 
tolerance, insertion of the optical fiber into the optical- 
fiber-insertion hole 5a is difficult because there is no 
clearance between the optical fiber and the optical -fiber- 
insertion holes 5a; on the other hand, if the outer diam- 
eter d of the optical f ber is less than the maximum diam- 10 
eter allowed by the tolerance, the optical fiber is inserted 
into the light-conducting prism 5 with a clearance fit. leav- 
ing a clearance between the light-conducting prism 5 and 
the circumference of the optical fiber. As a result, the 
radial position of the optical fiber cannot be specified, 15 
and the optical axis 01 of the focusing lens 5b formed at 
the innermost end of the optical-fiber-insertion hole 5a 
may not align with the center line 02 of the optical fiber 
(thedifferencebetweenthetwo isrepresented by 5). This 
may cause an undesirable situation wherein the trans- bo 
mission path of the beam 9 in the light-conducting prism 
5 between the emitting optical fiber 3 and receiving opti- 
cal fiber 4 varies depending on the connecting state of 
the optical fibers. 

In contrast, in the improved embodiments shown in 25 
Fig. 7 to Rg. 10, the optical-flber-insertion holes 5a are 
formed as follows: first, the diameter D1 at the entrance 
of the optical-fiber-insertion hole 5a is made slightly 
greater than the maximum value of the outer diameter d 
of the optical fibers 3 and 4 specified by the tolerance; 30 
.sepond. the. diameter D2 of the inscribed circle in the 
innermost square of the optical-fiber-insertion hole 5a is 
made slightly smaller than the minimum diameter of the 
optical fibers 3 and 4 allowed by the tolerance; and third, 
the optical-fiber-insertion hole 5a is tapered towards the 35 
innermost end, forming the inner wall whose cross sec- 
tions changing from a circle to a square at the middle of 
the optical-fiber-insertion hole 5a. The diameter D2 
above is specified to be greater than the core diameter 
do of the optical f ber, and hence, d > D2 > dO. The core 40 
diameter dO Is defined as the diameter of the core of the 
optical fiber which is covered with a sheath made of a 
flexible resin. 

According to the construction described above, 
when the optical fibers 3 and 4 are inserted into the inner- 45 
most end of the optical-fiber-insertion holes 5a of the 
light-conducting prism 5, the sheath at each tip of the 
optical fibers 3 and 4 is pushed into the optical-fiber- 
insertion hole 5a and is slightly depressed. Thus, the 
optical fibers are connected to the optical-fiber-insertion so 
hole 5a with interference fit. Parts of the sheatii pro- 
truded by the depression are contained in the four inner- 
most corners of the tapered optical-fiber-insertion hole 
5a whose cross section is a squara As described above, 
thediameterDI at the entrance of the optical-fiber-inser- 55 
tion hole 5a is greater than the outer diameter d of the 
optical fiber. This facilitates the inserting operation of the 
optical fibers into the optical-fiber-insertion holes 5a, 
making it easier to carry out the connecting operation of 
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tine optical fibers to the light-conducting prism 5 under 
working conditions. 

It will be dear from the above description tiiat tiie 
optical fibers 3 and 4 fit tightly into the optical-fiber-inser- 
tion holes 5a, and that the center line 02 of each end of 
the optical fibers 3 and 4 are aligned wHh the optical axis 
01 of the focusing lens 5b formed on the light-conducting 
prism 5. Thus, the optical fibers 3 and 4 are positioned 
at tiie conect locations and are firmly held. In addition, 
the optical fibers 3 and 4 can always be positioned cor- 
rectiy as long as tiie outer diameters d of the optical fibers 
are within tiie tolerance. This not only increases the opti- 
cal transmission rate, but also stabilizes tiie switching 
operation of the optical switch. 

In tiie embodiment shown in Fig. 7 to Fig. 10, 
although tiie optical-fiber-insertion holes 5a have a 
square cross section at the inner part thereof, it is not 
limited to a square. The cross section of an equilateral 
triangle, an equilateral pentagon, or any other equilateral 
polygon can achieve an effect similar to tiiat described 
above. 

Figs. 1 1 and 12 show a detailed consti'uction of tiie 
terminal base 2 for connecting the optical f bers. The ter- 
minal base 2 has a base 2a, and a holder 2b to be fitted 
to the base 2a. The base 2a has three holes 2c opening 
upwards and two guide holes 2d for inserting optical fib- 
ers. The two guide holes 2d are provided through the 
base 2a so as to guide the optical fibers from the front to 
the back of the base 2a, with either side of the guide 
holes 2d opening to the holes 2c. On tiie other hand, the 
holder 2b hasjhree legs 2e,. each ofwhich is fit ted into 
tiie hole 2c. These legs 2e are unitarily formed witii a 
frame tiiat forms tiie upper surfece and botii sides of tiie 
base 2a. On each side of the leg 2e, a plurality of rib-like 
projections 2f are provided in a vertical direction. Each 
rb-like projection 2f has a tip having a wedge-shaped 
cross section. 

Next, the connecting operation of tiie optical fibers 
3 and 4 to the terminsU base 2 will be described. Rrst, 
each of tiie optical fibers 3 and 4 is inserted to one of tiie 
guide holes 2d of tiie base 2a from the front, and each 
is inserted until the tip of tiie optical fiber reaches the 
innermost end of the optical-ftoer-insertion hole 5a of tiie 
light-conducting prism 5 shown in Fig. 7. Second, the 
holder 2b is fitted to tiie base 2a from the top tiiereof: 
after tiie legs 2e are inserted into tiie holes 2c of tiie base 
2a, tiie holder 2b is pushed into the base 2a. Then, tiie 
optica] f bers already inserted into tiie guide holes 2d are 
held between the legs 2e so that the rb-like projection 
2f cut into the sheaths (covers made of flexible resins) of 
the optical fibers 3 and 4 in tiie perpendicular direction 
of tiie optical fibers. When the holder 2b is entirely 
pushed down into the base 2a, engaging projections 2g, 
provided at the side ends of tiie frame of the hokier 2b, 
are engaged to notch 2h of tiie base 2a so that they are 
fastened to each other. 

Thus, tiie rib-like projections 2f cut into the optical 
f bers 3 and 4, firmly holding tiiem in the connecting posi- 
tion. Hence, the optical f bers 3 and 4 cannot be dls- 
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placed easily by an externa) force. Furthermore, the 
connecting operation of the opticaJ fibers to the optical 
switch can be achieved by a quick-connecting operation 
by engaging the holder 2b to the base 2a. 

Figs. 13 and 14. and Figs. 15 and 16 show respec- 
tive inproved light-conducting prism 5 in Rg. 1. The 
Improvement is carried out to increase the beam trans- 
mission efficiency between the optical fibers 3 and 4. In 
Figs. 13 and 14, the light-conducting prism 5 has spher- 
ical corner-reflecting surfaces 5c and focusing lenses 5b 
facing ttie end faces of the emitting optical fiber 3 and 
receiving optical f iber 4. In contrast, in Figs. 15 and 16. 
the light-conducting prism 5 has elliptical corner-reflect- 
ing surfaces 5c. but has no focusing lens 5b facing the 
end faces of the emitting optical fiber 3 and receiving 
optical fiber 4. 

Before describing the improved embodiment of Figs. 
13 to 16, the structure of an unimproved light-conducting 
prism according to an embodiment of the present inven- 
tion will be described with reference to Rg. 34 and Fig. 
35. In tiie unimproved light-conducting prism 5 in Figs. 
34 and 35, the inner surfaces of the light-conducting 
prism 5, which form boundaries separating the light-con- 
ducting prism 5 and air gap 5d in which tiie shutter 8 
moves, are made planar. According to Snell's law. a light 
ray will be refracted when it passes through a boundary 
separating two different media. Consequentiy. tiie beam 
9, emitted from the emitting optical fiber 3, transmitted 
through the focusing lens 5b, reflected at the corner- 
reflecting surface 5c, and sent into the air gap 5d to be 
Jocused, will be refracted at.ttie.boundary X-X between 
tiie light-conducting prism 5 and air gap 5d (see Rg. 35). 
Hence, as shown in Fig. 35. the angle of incidence 61 
and the angle of refraction 02 are different when the 
beam 9 enters ttie air gap 5d at an oblique angle to the 
boundary X-X. A similar refraction will occur at tfie oppo- 
site boundary of the air gap 5d, and hence, the beam 9 
will be inclined in various directions while it travels 
tiirough tiie light-conducting prism 5. 

This inclination of the beam 9 may cause a reduction 
of tiie transmission efficiency of the beam 9 because a 
part of the beam 9 emitted from the emitting optical fiber 
3 is deflected from the conect transmission patii and 
cannot reach tiie receiving optical fiber 4. In addition, the 
beam 9 is dispersed in the air gap 5d in which the shutter 
8 moves, and so tiie beam will not be focused onto one 
point. As a result, a slight movement of the shutter 8 will 
not be sufficienttocompletely cut off tiiebeam9traveling 
aaoss tiie air gap 5d. This will adversely affect tiie stable 
switching of the beam 9. 

In contrast, in the emtxxJiment shown in Rgs. 1 3 and 
14, the inner surfaces of the light-conducting prism 5 
which form tiie boundaries separating the air gap 5d and 
light-conducting prism 5 have a spherical surface 5e 
whose center is located at ttie light-focusing point A at 
the center of the air gap 5d in which the shutter 8 passes. 

In ttiis arrangement, the beam 9 emitted from the 
emitting optical fiber 3 is transmitted tiirough tiie focusing 
lens 5b, is reflected on tiie spherical corner-reflecting 



surface 5c. and is focused at ttie point A in the air gap 
5d. In this process, the beam 9 passes the k>oundary of 
the spherical surface 5e in the direction normal to the 
boundary. Consequentiy, the beam 9 is not refracted at 

5 tiie boundary, advances straight ahead, and is focused 
at ttie point A in tiie air gap 5d. Likewise, while traveling 
tiie patii between the air gap 5d and tiie receiving optical 
fber 4, tiie beam 9 passes tiie other spherical surface 
5e at the opposite sided of tiie air gap 5d in the direction 

10 normal to the surface. After tfiat, ti^ie beam 9 is reflected 
on the spherical corner-reflecting surface 5c, advances 
tiirough the focusing lens 5b. and is focused onto the end 
face of tiie receiving optical fiber 4. 

Thus, the inclination of the beam 9 from the correct 

IS path, which is caused by the refraction of the beam 9. 
can be eliminated. This greatiy increases the transmis- 
sion efficiency of the beam 9 between the emitting optical 
fiber 3 and the receiving optical fiber 4 via tiie light-con- 
ducting prism 5. in comparison witti tiie unimproved 

20 stoicture of tiie embodiment shown in Rgs. 34 and 35. 
Furtiiermore, since almost all tiie beam 9 is focused at 
tiie point A in the air gap 5d in which the shutter 8 travels, 
tiie slightest movement of the shutter 8 is sufficient to 
witch the beam 9 from the cutoff state to ti-ansmitting 

25 state, or vice versa, thereby achieving a stable switching 
of the beam 9. 

A similar effect can be accomplished in ttie embod- 
iment shown in Fig. 15 and Fig. 16. which has elliptical 
corner-reflecting surfaces 5c of light-conducting prism 5 

30 for focusing tiie beam 9 at one point in ttie air gap 5d. In 

_ _this,embodiment,.the boundaries separatingthe air-gap 
5d and the surface areas of the light-conducting prism 5 
are also formed spherically as are the surfaces 5e in the 
embodiment above. 

35 InckJentalty, the light-conducting prism 5 is made by 
molding a ttansparent resin. To form the air gap 5d during 
ttie molding process of the light-conducting prism 5, a 
cutting die is required. Hence, each boundary mentioned 
above cannot be of a perfect spherical surface: a part of 

40 the boundary making contact with the removed section 
of the cutting die must t>e of a cylindrical surface. It has. 
however, been confirmed that tiiis does not adversely 
affect ttie function of the optical switch. 

Rg. 1 7 shows another improved emtxxliment of the 

45 light-conducting prism 5, and tiiis will now be described. 
Generally speaking, tiie greater the power ratio 
Pon/Poff is, the better the switching function will be (Ron 
Is the power of tiie beam 9 transmitted from the emitting 
optical fiber 3 to the receiving optical fiber 4 when the 

50 optical switch is in the ON state; Poff is tiie power of the 
beam 9 transmitted from the emitting optical fiber 3 to 
ttie receiving optical f it>er 4 when the optical switch is in 
ttie OFF state). 

In tiie optical switch in Rg. 1, however, the ratio 

55 Pon/Pdff may be decreased because of stray light pro- 
duced by reflections of the beam 9 on the shutter 8 and 
ttie inner surfaces of ttie light-conducting prism 5: the 
beam 9, which is sent into ttie air gap 5d from ttie light- 
conducting prism 5, and is reflected repeatedly produc- 
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ing complicated multi-reflections on the surfaces of the 
shutter 8 and light-conducting prism 5. can reach the 
receiving optical f ber 4 passing under the tip of the shut- 
ter 8. even if the shutter 8 is plunged into the air gap 5d 
of the light-conducting prism 5. and hence, the optical 
switch is in the OFF state. When the stray light Is trans- 
mtted to the receiving optical fiber 4 through the optical 
system in the optical switch, the ratio Pon/Poff is 
decreased, resulting in the degradation of the switching 
function, particularly the reduction of the dynamic range 
of the switching. 

For this reason, in the embodiment shown in Rg. 1 7. 
the surface areas of the fight-conducting prism 5. exclud- 
ing the transmitting and reflecting surface areas along 
the correct path of the beam 9 between the emitting opti- 
cal fiber 3 and receiving optical f ber 4, are formed as 
low-reflectance surfaces 5f. The low-reflectance sur- 
faces 5f are formed by frosting the surfaces of the light- 
conducting prism 5 like the surface of a frosted glass, or 
by coating the surfaces with a reflection-reducing film. In 
the light-conducting prism 5 shown in Fig. 1 7, the bottom 
surface of the light-conducting prism 5 and the bottom 
area of the air gap 5d are frosted to form the low-reflect- 
ance surfaces 5f. 

Accordingly, when the shutter 8 is plunged into the 
air gap 5d of the light-conducting prism 5 as shown in 
Fig. 1 7 so as to cut the beam 9 off, the beam 9 reflected 
on the shutter 8 and deflected from the correct transmis- 
sion path, will be attenuated by dispersion or absorption 
on the low-reflectance surfaces 5f before the beam 
_r.eaches.the.receiving.optical fiber 4. 



As a result, the optical power received by the receiv- 
ing optical f ber 4 is nearly zero when the switch Is in the 
OFF state, and hence, the ratio Pon/Poff of the optical 
switch is greatly improved. 

Rg. 18 to Rg. 32 show other embodiments of the 
optical switch having multiple functions: the optical 
switch described above is partially modified, and a sec- 
ondary receiving optical fiber is added to tiie optical 
switch so that a ^itch-operations-indicating function or 
a transfer-switching function can be achieved. 

Rrst, Fig. 1 8 shows a basic configuration of the opti- 
cal switch according to an embodiment and like numer- 
als refer to like parts in Fig. 1 . 

The optical switch in Rg. 18 has a few components 
heretofore not described in addition to the optical switch 
shown in Rg. 1 : a reflecting body 1 1 attached to the tip 
of the shutter 8; and a secondary receiving optical f ber 
1 2 positioned under the reflecting body 1 1 in such a man- 
ner that they are facing each other. 

The reflecting body 1 1 shown in Fig. 18 is a delta- 
shaped body which has two reflecting surfaces 11a 
formed symmetrically on either side thereof, and is 
attached to the actuator fc>y way of the shutter 8: the 
reflecting surfaces 11a are inclined at 45 degrees to the 
horizontal. The reflecting body 1 1 is composed of a plas- 
tic material of a high reflectance, or the reflecting sur- 
faces 1 1 a are made mirror-like by plating with metal. 



The secondary receiving optical fber 12 is con- 
nected to the opposite side of the reflecting body 1 1 
under the bottom surface of the air gap 5d in which the 
shutter 8 moves in such a manner that the secondary 

5 receiving optical fber 1 2 is positioned between the emit- 
ting optical fber 3 and the primary receiving optical fber 
4. Like the optical f bers 3 and 4, the secondary receiving 
optical fiber 12 is also inserted into the optical-fber- 
insertion hole 5a which is tapered and has a polygon- 

10 shaped cross section as shown in Fig. 7 to Fig. 1 0. Thus, 
the secondary receiving optical fiber 1 2 is fastened to the 
terminal base 2 in the housing 1 by means of the holder 
2b descrbed in the embodiment shown in Figs. 11 and 
12. In addition, the low-reflectance surfaces 5f described 
in the embodiment of Rg. 1 7 are formed on surface areas 
of the light-conducting prism 5 where necessary. 

The operating principle of the embodiment wilt be 
described with reference to Rg. 19 and Fig. 20. Rrst in 
tiie nontial state, tiie actuator 6 is pushed up by means 

20 of the coil spring 7, and the reflecting txxjy 1 1 attached 
to the shutter 8 is placed in the air gap 5d of tiie light- 
conducting prism 5 so as to block the optical patii of the 
beam 9. Accordingly, tiie beam 9 entering the optical 
switch through the emitting optical fiber 3 is reflected on 

25 tiie reflecting surface 1 1 a of the reflecting body 1 1 in the 
air gap 5d of tiie light-conducting prism 5, is directed 
downward and enters the secondary receiving optical 
fber 12. Thus, in this state, the beam 9 is not transmitted 
to the primary receiving optical fber 4. arxJ hence, the 

30 circuit Including the primary receiving optical fber 4 is in 

the.OFEstate,.whereas the circuit.induding.the.secondr-. 

ary receiving optical fber 12 Is in the ON state. 

In contrast when the actuator 6 is depressed as 
shown in Fig. 20, tiie beam 9 emitted from tiie emitting 

35 optical fber 3 passes above the reflecting body 1 1 in tiie 
air gap 5d. travels straight ahead, is reflected on tiie cor- 
ner-reflecting surface 5c on the opposite side, and is 
transmitted to the primary receiving optical fber 4. 
Accordingly, in this state, the circuit including the primary 

40 receiving optical fiber 4 Is In the ON state, whereas the 
drcurt including tiie secondary receiving optical fiber 12 
is in ttie OFF state. 

Thus, an optical transfer switch similar to a contact- 
type miaoswitch (including a normaliy-on contact and a 

45 normally-off contact) can be ok)tained by detecting tiie 
output signals from the primary receiving optical fiber 4 
and secondary receiving optical fber 12 by using an 
external drcuit. Furthermore, the operating state of the 
optical switch can be indicated by connecting the see- 
so ondary receiving optical fiber 12 to a switch-operation 
indicator so as to display the ON/OFF state of the optical 
switch according to the output of the secondary receiving 
optical fber 12. 

Inddentally, two reflecting surfaces 11a of the 

55 reflecting txxly 1 1 are not necessary to achieve tiie func- 
tion described above: one reflecting surface 11a facing 
the input side of the beam 9 can achieve tiie same func- 
tion. However, two reflecting surfaces 1 la formed sym- 
metrically on either side of tiie bottom of reflecting body 
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1 1 make it possble for the optical switch to function as 
a k)idirectional switch: the connection of the emitting opti- 
cal fiber 3 and the primary receiving optical fiber 4 can 
be exchanged without changing the switching function of 
the optical switch. 

Rg. 21 and Rg. 22 show an embodiment which func- 
tions in a manner opposite to the embodiment above: the 
circuit including the primary receiving optical fiber 4 is in 
the normal ON state, whereas the circuit including the 
secondary receiving optical fiber 12 is in the normal OFF 
state. In the normal state in Rg. 21 , the reflecting body 
1 1 of the shutter 8 is located at the top portion of the air 
gap 5d of the light-conducting prism 5 so that the beam 
9 emitted from the emitting optical fiber 3 travels straight 
fonvard across the air gap 5d and is transmitted to the 
receiving optical fiber 4. Accordingly, the circuit including 
the primary receiving optical fiber 4 is in the ON state, 
whereas the circuit including the secondary receiving 
optical fiber 12 is in the OFF state. In contrast, when the 
actuator 6 is pushed down as shown in Fig. 22, the beam 
9 is reflected on the reflecting surface 1 la of the reflect- 
ing body 1 1 , and is transmitted to the secondary receiv- 
ing optical fber 12. As a result, the circuit including the 
primary receiving optical fiber 4 changes to the OFF 
state, whereas the circuit including the secondary receiv- 
ing optical fiber 12 changes to the ON state. 

In Rg. 19 to Rg. 22, the corner-reflecting surfaces 
5c of the light-conducting prism 5 are planar. However, 
to improve the switching characteristics such as trans- 
mission, cut off. and reflection of the beam 9 by focusing 
„ the dispersed beam 9 emitted from the emitting optical 
fiber 3 so as to facilitate the switching by the displace- 
ment of the shutter 8. the light-conducting members 
shown in Fig. 23 to Rg. 26 can be preferably used. 

Rg. 23 shows the light-conducting prism 5 having 
spherical corner-r^lecting surfaces 5c. The beam 9 
emitted from the emitting optical fiber 3 with dispersion 
enters the light-conducting prism 5. is reflected on the 
corner-reflecting surface 5c. is collimated to a parallel 
beam, and is transmitted across the air gap 5d. Rg. 24 
shows the light-conducting prism 5 having, in addition to 
the spherical corner-reflecting surfaces 5c, focusing 
lenses 5b formed on the incident and emitting areas of 
the beam 9, each of which faces the end faces of the 
optical fibers 3 and 4, respectively These configurations 
can focus the beam 9 at the point A in the air gap 5d. as 
explained in the embodiment shown In Rg. 2 and Rg. 3. 
Furthermore, Fig. 25 shows a light-conducting member 
having light-conducting prism 5 in which corner-reflect- 
ing surfaces 5c are formed in an elliptical surface, and 
Fig. 26 shows a light-conducting member of a concave 
reflector 10 as explained in the embodiments in Rg. 4 
and Rg. 5. The focal points F1 of the elliptical corner- 
reflecting surfiaces 5c and 10c are adjusted to the point 
A in the air gap 5d In which the reflecting body of shutter 
8 (not shown) moves, and the focal points F2 thereof are 
adjusted to the end faces of the optical fibers 3 and 4. 
Thus, the beam 9 emitted from tiie emitting optical fiber 
3 is reflected on tiie corner-reflecting surface 5c or 10c. 



and Is focused at the point A in the air gap 5d. which 
corresponds to the focal point F1 . 

Next, configurations of reflecting surfaces 1 1 a of tiie 
reflecting body 1 1 . which appear to be appropriate to ttie 

5 various light-conducting members shown in Rg. 23 to 
Rg. 26, will now be described. 

Rrst. in Fig. 23. the beam 9 is collimated by means 
of the spherical corner-reflecting surface 5c of the light- 
conducting prism 5, and is sent to the air gap 5d. In such 

10 a case, the reflecting surface 1 1 a of the reflecting txxly 
1 1. which reflects ttie beam 9 and inclines it towards the 
secondary receiving optical fiber 12, can be a planar sur- 
face. 

In contrast, in Fig. 24 to Fig. 26, tiie beam 9 is 

15 focused at ttie point A in tiie air gap 5d of tiie light-con- 
ducting member. In such a case. If a reflecting body 1 1 
having a planar reflecting surface 1 1 a is used, the beam 
9 reflected on the reflecting surface 1 la will not be colli- 
mated but will be dispersed. This will decrease the trans- 

20 mission efficiency of the beam 9 to tfie secondary 
receiving optical fiber 12. To overcome such an disad- 
vantage, tiie reflecting surface 1 1 a of tiie reflecting body 
1 1 should be made parabolic as shown in Rg. 27 (the 
light-conducting prism 5 in Rg. 27 has elliptical corner- 

25 reflecting surfaces 5c) and in Fig. 28 (the concave reflec- 
tor 10 in Rg. 28 has also elliptical comer-reflecting sur- 
faces 10c). In these cases, ttie beam 9 reflected on tiie 
parabolic reflecting surface 11a is collimated, and is 
guided to the secondary receiving optical fiber 12. as 

30 long as the reflecting body 11 is positioned so that the 
focal point.of-the.parabolic.sur^ce. Ila.agrees with the^ 
focusing point A of the beam 9 in the air gap 5d. 

Furthermore, in Rg. 27 and Rg. 28. focusing lens 
5g or lOg is provided at the incident area of the inclined 

35 beam 9 on tiie light-conducting member so as to face tiie 
end face of the secondary receiving optical fiber 12. As 
a result, tiie beam 9 reflected and inclined at tiie reflect- 
ing body 1 1 is focused onto the end face of the secondary 
receiving optical fiber 12 through the lens 5g or lOg. 

40 When the light-conducting prism 5 shown in Rg. 23 
is used, which coliimates ttie beam 9 to be converged in 
tiie air gap 5d, and has a reflecting body 1 1 witti planar 
reflecting surfaces 11a, tiie following problem is pre- 
sented: the amount of tiie beam 9 incident to the sec- 

45 ondary receiving optical f ber 1 2 will be greatly changed 
by a slightest displacement of the reflecting body 1 1 . The 
reason of tills will be described with reference to Rg. 36 
to Fig. 38. 

Rg. 36 to Rg. 38 show tiie relationships between 
50 the stroke positions of tiie reflecting body 1 1 and the 
amounts of the beam 9 transmitted to the optical fiber 
12: the beam 9 is reflected and inclined at the planar 
reflecting surface 1 1 a of the rdlecting kKxfy 1 1 , which is 
Inclined at 45 degrees to the horizontal; and tiien, the 
55 inclined k>eam 9 is transmitted to the secondary receiving 
optical fiber 12. When the reflecting body 1 1 is placed at 
the correct position shown in Rg. 36. all of the beam 9 
is reflected on the reflecting surface 11a (a projected 
area of the reflecting surface 1 la Is m in Rg. 36). and Is 
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transmitted to the secondary receiving optical iiber 12. 
In contrast, as shown in Figs. 37 and 38, when the stroke 
position of the reflecting body 1 1 is located lower than 
that in Rg. 36, a part of or almost all the beam 9 is 
deflected from the reflecting surface 1 1 a, and hence, the 5 
amount of the beam reaching the secondary receiving 
optical fiber 12 is considerably decreased, or greatly 
decreased to approximately zero. In other words, the 
slightest displacement of the stroke position caused by 
an assembling error or the like of the optical switch w 
results in a great change of the amount of the incident 
beam on the secondary receiving optical fiber 12. Figs, 
37 and 38 show the stroke positions when the reflecting 
body 1 1 is positioned lower than tiie oorrect position In 
Fig. 36. In contrast when the stroke position is located is 
higher than the correct position, a part of the beam 9 
passes under tiie tip of the reflecting body 11. and is 
transmitted to the primary receiving optical fiber 4. result- 
ing in unstable switching. 

The problem desaibed above can be solved by 20 
forming the reflecting surface 1 la of the reflecting body 
11 as shown in Fig. 29: the reflecting surface 11a is 
formed in a terraced configuration having steps each of 
which is composed of a vertical plane and an oblique 
plane meeting at 45 degrees with tiie vertical plane. 25 
Comparing the reflecting body 1 1 in Fig. 29 with tiiat in 
Fig. 36. it is seen that the reflecting surface area M of the 
reflecting txxiy 1 1 in Fig. 29 is greater than the reflecting 
surface area m in Rg. 36 (M > m) when the widths of the 
reflecting txxties 1 1 in Rgs. 29 and 36 are the same. 
Accordingly, a slight displacement of the sti'oke position 
of the reflecting body 1 1 as shown in Fig. 30 to Rg. 32 
does not cause tiie problem described above: the beam 
9 collimated to a parallel beam of a certain wkith is 
entirely contained in the reflecting surface area M. and 
hence, a constant amount of reflected tight always enters 
the secondary receiving optical fiber 12. Thus, a slight 
displacement of the stroke position of the reflecting body 
1 1 can be allowed, thereby increasing the tolerance of 
positioning of tiie reflecting body 1 1 , as well as the tol- 
erance of components of the optical switch. 

Although specific enlbodiments of an optical switch 
constructed in accordance with the present invention 
have been disclosed, it is not intended ttiat tiie invention 
be restricted to either tiie specific configurations or the 
uses disclosed herein. Modifications may be made in a 
manner obvk)us to tiiose skilled in tiie art. Accordingly, 
it is intended tiiat the invention be limited only by the 
scope of the appended claims. 

The invention may be summarized as follows: 

1 . An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4). said optical 
swHch having a light-transmissiion path between the 
emitting optical fiber and tiie receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6). tiiereby turning on and off a light signal transm'it- 
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ted through the light-transmission patii. said optical 
switch characterized by comprising: 

light-conducting means (5) including said 
light-ti-ansmitting path which comprises two corner- 
reflecting surfaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off the 
light-tansmission patti by changing position in said 
air gap in said light-conducting means. sakJ shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 
light-conducting means and said shutter means; and 
focusing lensing means (5b) provided on tiie 
entering area and the emitting area of said light-con- 
ducting means, said focusing lensing means facing 
tiie end face of said emitting optical f ik>er and the end 
face of saki receiving optical fiber, respectively. 

2. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
witch having a light-transmission path between the 
emitting optical fiber and tiie receiving optical fber. 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6), tiiereby turning on and off a light signal transmit- 
ted tiirough the light-transmisston patti, said optical 
switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission path which comprises two corner- 
30 reflecting surfaces (5c) and an air gap (5d) located 

between said corner- reflecting surfaces, said cor- 

ner-ref lecting surfaces being a spherical surface; 

shutter means (8) for turning on and off tiie 
right-transmission patii by changing position in said 
35 air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 
light-conducting prism and said shutter means; and 
focusing lensing means (5b) provided on the 
40 entering area and the emitting area of said light-con- 
ducting prism, said focusing lensing means facing 
tiie end fece of said emitting optical fiber and the end 
fece of said receiving optical fiber, respectively. 

45 3. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission patti between tiie 
emitting optical fiber and ttie receiving optical fiber, 
said light-transmission patii being mechanically 
so opened and closed by means of an actuating means 
(6), thereby turning on and off a light signal transmit- 
ted through the light-ta-ansmission path, said optical 
switch characterized by comprising: 

light-conducting means (5) including said 
55 light-transmitting path which comprises two corner- 
reflecting surfaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off tiie 
light-transmission patii by changing position in said 
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air gap in said light-conducting means, said shutter 
means being driven by said actuating means; and 

housing means (1) for incorporating said 
light-conducting means and said shutter means; 

wherein said light-conducting means conv 5 
prises a prism or a concave reflector (1 0). said cor- 
ner-reflecting surfaces of said prism and concave 
r^lector having elliptical surfaces whose first focal 
points are adjusted to a focusing point (A) located 
on the middle line of said air gap, and whose second 10 
focal points are adjusted to the end faces of said 
enutting optical fiber and said receiving optical fiber, 
respectively. 

4. An optical switch connected to an emitting optical is 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 20 
(6), thereby turning on and off a light signal transmit- 
ted through the light'transmission path, said optical 
switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission path which comprises two corner- 2S 
reflecting surfeces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said tight-conducting prism, said shutter 30 
means being driven.by said actuating means: „ _ 

housing means (1) for Incorporating said 
light-conducting prism and said shutter means; and 

focusing lensing means (5b] provided on the 
entering area and the emitting area of said light-con- 35 
ducting prism, said focusing lensing means facing 
the end face of said emitting optical fiber and tiie end 
face of said receiving optical fiber, respectively; 

wherein said corner-reflecting surfaces of 
said light-conducting prism have elliptical surfaces 40 
whose first bcal points are adjusted to a focusing 
point (A) located on tiie middle line of said air gap in 
which said shutter means moves. 

5. An optical switch 4S 
characterized in that focal points of said focusing 
lensing means are adjusted to the second focal 
points of said elliptical surfaces of said corner- 
reflecting surfaces of said light-conducting prism. 

so 

6. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 55 
opened and closed by means of an actuating means 
(6). thereby turning on and off a light signal transmit- 
ted through the light-transmission path, said optical 
switch characterized by comprising: 



a light-conducting prism (5) Including said 
light-transmission patii which comprises two corner- 
reflecting surfaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off tiie 
light-transmission path by changing position in said 
air gap In said light-conducting prism, said shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 
light-conducting prism and said shutter means; and 

insertion holes (5a) provided in said light- 
conducting prism for inserting said emitting optical 
fiber and said receiving optical fiber, said insertion 
holes being tapered having a circular cross sectiori 
at the entrance tiiereof. and having a polygonal 
cross section at ttie innermost end thereof, the diam- 
eter of said errtrance being slightly greater than tiie 
maximum diameter allowed by the tolerance of said 
optical f lk)ers. and the diameter of tiie inscribed drcle 
in sakJ innermost end being slightiy smaller than the 
minimum diameter allowed by the tolerance of said 
optical fibers. 

7. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6), tiiereby turning on and off a light signal transmit- 

^ted tiirough the light-ti:ansfmssipn path,_saij4^^ 

switch characterized by comprising: 

light-conducting means (5) including said 
light-transmitting path which comprises two corner- 
reflecting surfaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off the 
light-transmission path by changing the position in 
said air gap in said light-conducting means, said 
shutter means being driven by said actuating 
means; 

housing means (lj for incorporating said 
tight-conducting means and said shutter means; and 

a coil spring (7) for returning said actuating 
means to the normal position, 

wherein said actuating means is of a push- 
button type connected directiy to said shutter 
means, and is incorporated in said housing means 
in conjunction with said coil spring. 

8. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between ttie 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6), thereby turning on and off a light signal transmit- 
ted tiirough the light-transmission path, said optical 
switch characterized by comprising: 
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light-conducting means (5) Including said 
light-transmttting path which comprises two corner- 
r^lecting surlaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces: 

shutter means (8) for turning on and off the 5 
light-transmission path by changing position in said 
air gap in said light-conducting means, said shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 
light-conducting means and said shutter means; and w 

cxsnnecting terminal means (2) provided in 
said housing means for fastening said emitting and 
receiving optical fibers in position, said connecting 
terminal means comprising a base (2a) combined 
with a holder (2b) which fastens said optical f bers ts 
with a quick-connect. 

9. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between the 20 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6), tiiereby turning on and off a light signal transmit- 
ted through the light-transmission path, said optical 25 
switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission path which comprises two corner- 
reflecting surfaces (5c), an air gap (5d) located 
between said corner-reflecting surfaces, and focus- so 
_ing !ensing means facing the.end faces.of said.emit-, _ ^ 
ting and receiving optical fibers; 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 3s 
means being driven by said actuating means; and 

housing means (1) for incorporating said 
light-conducting prism and said shutter means; 

wherein said light-conducting prism is pro- 
vided with spherical surfeces separating said light- 40 
conducting prism and said air gap in which said shut- 
ter moves, the center of said spherical surface being 
positioned at the light-focusing point (A) in said air 
gap. 

45 

10. An optical switch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4), said opti- 
cal switch having a light-transmission path between 
the emitting optical fiber and the receiving optical 
fiber, said light-transmission path being mechani- so 
cally opened and closed by means of an actuating 
means (6), thereby turning on and off a light signal 
transmitted through the light-transmission path, said 
optical switch characterized by comprising: 

a light-conducting prism (5) including said ss 
light-transmission path which comprises two spher- 
ical corner-reflecting surfaces (5c) and an air gap 
(5d) located between said corner-reflecting sur- 



shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 
light-conducting prism and said shutter means; and 

wherein said light-conducting prism Is pro- 
vided with spherical surfaces separating said tight- 
conducting prism and said air gap in which said shut- 
ter moves, the center of said spherical surface being 
positioned at tiie light-focusing point (A) in said air 

gap. 

11 . An optical switch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4), said opti- 
cal switch having a light-transmission patii between 
the emitting optical fiber and the receiving optical 
fiber, said light-t-ansmission path being mechani- 
cally opened and dosed by means of an actuating 
means (6), tiiereby turning on and off a light signal 
transmitted through the light-transmission path, said 
optical switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission patii which comprises two ellipti- 
cal corner-r^lecting surfaces (5c) and an air gap 
(5d) located between said corner-reflecting sur- 
faces; 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
.means being driven by said actuating means: 

housing means (1) for incorporating said 
light-conducting prism and said shutter means; and 

wherein said light-conducting prism is pro- 
vided with spherical surfaces separating said tight- 
conducting prism and said air gap in which said shut- 
ter moves, the center of said spherical surface being 
positioned at tiie light-focusing point (A) in said air 
gap. 

12. An optical switch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4), said opti- 
cal switch having a light-transmission path between 
the emitting optical fiber and the receiving optical 
fiber, said light-transmission path being mechani- 
cally opened and closed by means of an actuating 
means (6), thereby turning on and off a light signal 
transnfutted tiirough the light-transmission path, said 
optical switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission path which comprises two corner- 
reflecting suriaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; and 

housing means (1) for incorporating said 
light-conducting prism and said shutter means; 
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wherein surface areas of said Itght-conduct- 
ing prism excluding light-transmitting surface areas 
and iight-rellecting surface areas along said light- 
transmission path between said emitting optical fiber 
and said receiving optical fiber are made tow-reflect- 5 
ance surfaces. 

13. An optical switch connected to an emitting qpti- 
cal fiber (3) and a receiving optical fiber (4), said opti- 
cal switch having a light-transmission path between 10 
the emitting optical fiber and the receiving optical 
fiber, said light-transmitting path being mechanically 
opened and dosed by means of an actuating means 
(6), thereby turning on and off a light signal transmit- 
ted through the light-transmission path, said optical is 
switch characterized by comprising: 

light-conducting means (5) including said 
light-transmitting path which comprises two corner- 
reflecting surfaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces; 20 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting means, said shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 25 
light-conducting means and said shutter means; 

reflecting means (11) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximately 90 degrees in said air gap 30 
o f sa id light-conducting means; and_ _ _ , . 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fber. said 
secondary receiving optical fiber is positioned so as 
to align witti tiie traveling path of the beam inclined 35 
by said reflecting means. 

14. An optical switch 

characterized in that said reflecting means provided 
at the tip of said shutter means comprises two 40 
reflecting surfaces symmetrically formed on either 
side of said tip of tiie shutter means. 

15. An optical switch 

further characterized by comprising focusing lensing 45 
means (5b) provided on said light-conducting 
means so as to face an end face of said secondary 
receiving optical fiber so tiiat the beam inclined 
said reflecting means of said shutter means is 
focused onto the end face of said secondary receiv- 50 
ing optical fiber. 

16. An optical switch 

characterized in that said corner-reflecting surfaces 
of said light-conducting means are spherical, and ss 
said reflecting means provided at the tip of said shut- 
ter means is a planar reflecting surface. 



17. An optical switch 

characterized in that said corner-reflecting surfaces 
of said light-conducting means are elliptical, and 
said r^lecting means provided at tiie tip of said shut- 
ter means is a parabolic reflecting surface. 

18. An optical switch 

characterized in Uiat said reflecting surfaces pro- 
vided at tiie tip of said shutter means has a terraced 
reflecting surface, each step of said terraced reflect- 
ing surface being composed of a vertical plane and 
a inclined plane. 

19. An optical switch 

characterized in tiiat said light-conducting means is 
a light-conducting prism, said light-conducting prism 
further comprising focusing lensing means provided 
on the entering area and tiie emitting area of said 
light-conducting prism, said focusing lensing means 
facing the end face of said emitting optical fiber and 
the end face of said receiving optical fiber, respec- 
tively. 

20. An optical switch 

characterized in that said light-conducting means is 
a light-conducting prism, said light-conducting prism 
furtiier comprising insertion holes for inserting said 
emitting optical fiber and said receiving optical fiber, 
said insertion holes being tapered, having a circular 
aoss section at the entrance thereof, and having a 
polyg onal cross sec tion at the inn ermost and 
thereof, the diameter of said entrance being slightiy 
greater than tiie maximum diameter allowed by tiie 
tolerance of said optical fibers, and tiie diameter of 
the inscribed circle in said innermost end being 
slightiy smaller than the minimum diameter allowed 
by ttie tolerance of said optical fibers. 

21. An optical switch 

furttier characterized by comprising a coil spring (7) 
for returning said actuating means to the normal 
position, wherein said actuating means is of a push- 
button type directiy connected to said shutter 
means, and is incorporated in said housing means 
in conjunction with said coil spring. 

22. An optical switch 

further characterized by comprising a connecting 
terminal means (2) provided in said housing means 
for fastening said emitting and receiving optical fib- 
ers in position, said connecting terminal means 
comprising a base (2a) combined witii a holder (2b) 
which fastens said optical fibers. 

23. An optical switch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4) . said opti- 
cal switch having a light-transmission path between 
the emitting optical fiber and the receiving optical 
fber, said light-transmission path being mechani- 
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cally opened and closed by means of an actuating 
means (6), thereby turning on and off a light signal 
transmitted through the light-transmission path, said 
optical switch characterized by comprising: 

a light-conducting prism (5) including said 5 
light-transmission path which comprises two corner- 
reflecting surfaces (5c). and an air gap (5d) located 
between said corner-reflecting surfaces; 

focusing lensing means (5b) provided on said 
light-conducting prism and facing the end faces of 10 
said emitting and receiving optical fibers; 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; 15 

reflecting means (11) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximately 90 degrees in said air gap 
of said light-conducting means: and 20 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fiber, said 
secondary receiving optical fiber is positioned so as 
to align with the ti^aveling path of the beam inclined 
by said reflecting means, 25 

wherein said light-conducting prism is pro- 
vided with spherical surfaces separating said light- 
conducting prism and said air gap In which said shut- 
ter moves, the center of said spherical surface being 
positioned at the light-focusing point (A) in said air 30 
_9ap. 

24. An optical sw'rtch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4). said opti- 
cal switch having a light-transmission path between 35 
the emitting optical fiber and the receiving optical 
fiber, said light-transmission patii being mechani- 
cally opened and closed by means of an actuating 
means (6). thereby turning on and off a light signal 
transmitted through the light-transmission path, said 40 
optical switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission patii which comprises two spher- 
ical corner-reflecting surfaces (5c). and an air gap 
(5d) tocated between said corner-reflecting sur- 45 



shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; so 

reflecting means (1 1) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline tiie 
beam by approximateiy 90 degrees in said air gap 
of said light-conducting means; and 55 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fiber, said 
secondary receiving optical fiber is positioned so as 
to align witii the traveling path of the beam inclined 



by said r^lecting means, 

wherein said light-conducting prism is pro- 
vided witii spherical surfaces separating said light- 
conducting prism and said air gap in which said shut- 
ter moves, tiie center of said spherical surface being 
positioned at tiie light-focusing point (A) in said air 
gap. 

25. An optical switch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4), said opti- 
cal switch having a light-transmission patii between 
tiie emitting optical fiber and tiie receiving optical 
fiber, said light-transmission path being mechani- 
cally opened and closed by means of an actuating 
means (6), thereby turning on and off a light signal 
transmitted tiiroughthe light-transmission path, said 
optical switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission patii which comprises two ellipti- 
cal corner-reflecting sur^ces (5c). and an air gap 
(5d) located between said corner-reflecting sur- 



shutter means (8) for turning on and off tiie 
light-transmission patii by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; 

reflecting means (11) provided aft tiie tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximateiy 90 degrees in said air gap 
of said light- conductin g m e ans; and ^ 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fiber, said 
secondary receiving optical f ber is positioned so as 
to align with the traveling patii of the inclined beam 
by said reflecting means, 

wherein said light-conducting prism is pro- 
vided witii spherical surfaces separating said light- 
conducting prism and said air gap in which said shut- 
ter moves, tiie center of said spherical surface being 
positioned at tiie light-focusing point (A) in said air 



26. An optical switch connected to an emitting opti- 
cal fiber (3) and a receiving optical fiber (4), said opti- 
cal switch having a light-transmission patii between 
the emitting optical fber and the receiving optical 
fiber, said light-transmission patii being mechani- 
cally opened and closed by means of an actuating 
means (6), thereby turning on and off a light signal 
transmitted tiirough the light-transmission path, said 
optical switch characterized by conprising: 

a light-conducting prism (5) including said 
light-transmission patii which comprises two corner- 
reflecting surfaces (5c), and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off the 
light-transmission patii by changing position in said 
air gap in said light-conducting prism, said shutter 



16 



EP 0 718 657 A2 



32 



means being driven by said actuating means; 

reflecting means (11) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximately 90 degrees in said air gap 5 
of said light-conducting means; and 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical f ber, said 4. 
secondary receiving optical fiber is positioned so as 
to align with the traveling path of the inclined beam w 
by said reflecting means, 

wherein surface areas of said light-conduct- 
ing prism excluding light-transmitting surfiace areas 
and light-reflecting surface areas along said light- 
transmission path between said emitting optical fiber 15 5. 
and said receiving optical fiber are made low-reflect- 
ance surfaces. 



Claims 



An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmitting path being mecharvcally 
opened and closed by means of an actuating means 
(6), thereby turning on and off a light signal transmit- 
ted through the light-transmission path, said optical 
switch characterized by conprising: 

light-conducting means (5) including said 
light-transmitting path which comprises two cor ner- 
reflecting surfaces (5c) and an air gap (5d) located 
between said corner-reflecting surfaces: 

shutter means (8) for turning on and off tiie 
light-transmission path by changing position in said 
air gap in said light-conducting mearts, said shutter 
means being driven by said actuating means; 

housing means (1) for incorporating said 
light-conducting means and said shutter means; 

reflecting means (11) provided at the tip of 
said shutter means for r^lecting a beam emitted 
from said emitting optical fber so as to incline the 
beam by approximately 90 degrees in said air gap 
of said light-conducting means; and 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fiber, said 

secondary receiving optical fiber is posi- 
tioned so as to align with the traveling path of tiie 
beam inclined by said reflecting means. 

An optical switch according to claim 1 
characterized in that said reflecting means provided 
at the tip of said shutter means comprises two 
reflecting surfaces synvnetrically formed on either 
side of said tip of the shutter means. 

An optical switch according to anyone of the preced- 
ing claims, 

further characterized by comprising focusing tensing 
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means (5b) provided on said light-conducting 
means so as to face an end face of said secondary 
receiving optical fiber so that the beam inclined by 
said reflecting means of said shutter means is 
focused onto the end face of said secondary receiv- 
ing optical fiber. 

An optical switch according to anyone of the preced- 
ing claims, 

characterized in that said comer-reflecting surfaces 
of said light-conducting means are spherical, and 
said reflecting means provided at the tip of said shut- 
ter means is a planar reflecting surface. 

An optical switch according to anyone of the preced- 
ing claims, 

characterized in that said corner-reflecting surfaces 
of said light-conducting means are elliptical, and 
said reflecting means provided at tiie tip of said shut- 
ter means is a parabolic reflecting surfeice. 

An optical switch according to anyone of the preced- 
ing claims, 

characterized in that said reflecting surfaces pro- 
vided at the tip of said shutter means has a terraced 
reflecting surface, each step of sad tenraced reflect- 
ing surface being composed of a vertical plane and 
a inclined plane. 

An optical switch according to anyone of the preced- 

ing claims. 

characterized in that said light-conducting means is 
a light-conducting prism, said light-conducting prism 
furtiier comprising focusing lensing means provided 
on the entering area and the emitting area of said 
light-conducting prism, said focusing lensing means 
facing the end face of said emitting optical fiber and 
the end face of said receiving optical fiber, respec- 
tively. 

An optical switch according Id anyone of the preced- 
ing claims. 

characterized in tiiat said light-conducting means is 
a light-conducting prism, said light-conducting prism 
further comprising insertion holes for inserting said 
emitting optical fiber and said receiving optical fiber, 
said insertion holes being tapered, having a circular 
cross section at the entrance thereof, and having a 
polygonal cross section at the innermost end 
thereof, the diameter of said entrance being stightiy 
greater than tiie maximum diameter allowed by the 
tolerance of said optical fibers, and the diameter of 
the inscribed circle in said innermost end being 
slightly smaller than the minimum diameter allowed 
by the tolerance of said optical fibers. 

An optical switch according to anyone of the preced- 
ing claims, 

further characterized by comprising a coil spring (7) 
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for returning said actuating means to the normal 
position, wherein said actuating means is of a push- 
button type directly connected to said shutter 
means, and is incorporated in said housing means 
in conjunction with said coil spring. 5 

1 0. An optical switch according to anyone of the preced- 
ing claims, 

further characterized by comprising a connecting 
terminal means (2) provided in said housing means 10 
for fastening said emitting and receiving optical fib- 
ers In position, said connecting terminal means 
comprising a base (2a) combined with a holder (2b) 
which fastens said optical f toers. 

IS 

11. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4). said optical 
switch having a light-transmission path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 20 
opened and closed by means of an actuating means 
(6). thereby turning on and off a light signal transmit- 
ted through the light-transmission path, said optical 
switch characterized by comprising: 

a light-conducting prism (5) including said 25 
light-transmission path which comprises two corner- 
reflecting surfaces (5c), and an air gap (5d) located 
between said corner-reflecting surfaces; 

focusing lensing means (5b) provided on said 
light-conducting prism and facing the end faces of 30 
saidjBmitting and.r9Qsivlng optical fibers; _ 

shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means: 35 

reflecting means (11) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximately 90 degrees in said air gap 
of said light-conducting means; and 40 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical f ber, said 
secondary receiving optical fiber is positioned so as 
to align with the traveling path of the beam inclined 
t3y said reflecting means, 45 

wherein said light-conducting prism is pro- 
vided with spherical surfaces separating said light- 
conducting prism and said air gap in which said shut- 
ter moves, tine center of said spherical surface being 
positioned at the light-focusing point (A) in said air so 
gap. 

12. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-transmission path between the ss 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6). thereby turning on and off a light signal transmit- 



ted through the light-ti-ansmission patii. said optical 
switch characterized by comprising: 

a light-conducting prism (5) including said 
light-ti^ansmission path which comprises two spher- 
ical corner-reflecting surfaces (5c), and an air gap 
(5d) located between said corner-reflecting sur- 



shutter means (8) for turning on and off the 
light-transmission path by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; 

reflecting means (11) provided at tiie tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximately 90 degrees in said air gap 
of said light-conducting means; and 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fiber, said 
secondary receiving optical fiber is positioned so as 
to align with the traveling path of the beam inclined 
by said reflecting means, 

wherein said light-conducting prism is pro- 
vided witii spherical surfaces separating said light- 
conducting prism and said air gap in which said shut- 
ter moves, the center of said spherical surface being 
positioned at the light-focusing point (A) in said air 
gap. 

13. An optical switch connected to an emitting optical 
fiber (3) and a receiving optical fiber (4), said optical 
switch having a light-tra nsmissio n path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means 
(6), tiiereby turning on and off a light signal transmit- 
ted tiirough the light-ti^ansmission path, said optical 
switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission patti which comprises two ellipti- 
cal corner-reflecting surfaces (5c). and an air gap 
(5d) located between said corner-reflecting sur- 
faces; 

shutter means (8) for turning on and off the 
light-transmission patii by changing position in said 
air gap in said light-conducting prism, said shutter 
means being driven by said actuating means; 

reflecting means (11) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fiber so as to incline the 
beam by approximately 90 degrees in said air gap 
of said light-conducting means; and 

a secondary receiving optical ftoer (12) pro- 
vided in addition to said receiving optical fiber, said 
secondary receiving optical fiber is positioned so as 
to align with the traveling path of the inclined beam 
by said reflecting means, 

wherein said light-conducting prism is pro- 
vided witii spherical surfaces separating said light- 
conducting prism and said air gap in which said shut- 
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ter moves, the center of said spherical surface being 
positioned at the light-focusing point (A) in said air 

gap^ 

14. An optical switch connected to an emitting optical s 
fber (3) and a receiving optical fiber (4). said optical 
switch having a light-transmission path between the 
emitting optical fiber and the receiving optical fiber, 
said light-transmission path being mechanically 
opened and closed by means of an actuating means io 
(6). thereby turning on and off a light signal transmit- 
ted through the light-transmission path, said optical 
switch characterized by comprising: 

a light-conducting prism (5) including said 
light-transmission path which comprises two corner- is 
reflecting surfaces (5c), and an air gap (5d) located 
between said corner-reflecting surfaces; 

shutter means (8) for turning on and off the 
light-transmission path t>y changing position in said 
air gap in said light-conducting prism, said shutter 20 
means being driven by said actuating means; 

reflecting means (11) provided at the tip of 
said shutter means for reflecting a beam emitted 
from said emitting optical fber so as to incline the 
beam by approximately 90 degrees in said air gap 2S 
of said light-conducting means; and 

a secondary receiving optical fiber (12) pro- 
vided in addition to said receiving optical fiber, said 
secondary receiving optical fiber is positioned so as 
to align with the traveling path of the Inclined beam 30 
by said reflecting means, .„ 

wherein surface areas of said light-conduct- 
ing prism excluding light-transmitting surface areas 
and light-reflecting surface areas along said light- 
transmission path between said emitting optical fiber 35 
and said receiving optical fiber are made low-reflect- 
ance surfaces. 
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(54) Optical switch 

(57) An optical switch having two spherical or ellipti- 
cal corner-reflecting surfaces (5c) provided in a light- 
conducting member (5. 10), a shutter (8) to open and 
ck)se a light path between the corner-reflecting sur- 
faces, and focusing lenses (5b) to focus the inddent 
beam from an emitting optical fiber (3) and to focus the 
emitting beam from the light-conducting member to a 
primary receiving optical fiber (4). Because almost all 
the beam transmitted through the light-conducting 
member is focused at one point (A) in an air gap (5d) in 
which the shutter moves, the optical switch can transnut 
the beam with high efficiency without leakage to the out- 
skJe. and a small stroke of the shutter is sufficient to 
completely transmit or stop the beam. In another similar 
optical switch having a reflecting surface (11a) at the tip 
of the shutter (8) for inclining the beam, as well as hav- 
ing a secondary receiving optical fiber (12) aligned with 
the path of the inclined beam, the beam is switched to 
be transmitted to the primary receiving optical fiber (4) 
or to the secondary receiving optical fiber (12) accord- 
ing to the position of the shutter Thus, the ON/OFF 
state of the optical switch can be indicated, or a transfer- 
type optical switch can be obtained by using the sec- 
ondary receiving optical fiber as well as the primary 



receiving optical fiber as switching circuits. 
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